Objective: To assess whether circulating IGF-I and IGF-binding protein-1 (IGFBP-1) in the first and second trimester are associated with subsequent risk of preterm and term preeclampsia. Methods: Nested case-control study within a cohort of 29 948 pregnant women. Cases were women, who later developed preeclampsia, and controls were randomly selected women, who did not develop preeclampsia. IGF-I and IGFBP-1 were measured with ELISA in maternal blood samples that were collected in the first and second trimesters. We assessed associations of IGF-I and IGFBP-1 concentrations with later development of preterm (before the 37th week of gestation) and term preeclampsia.
Introduction
Preeclampsia complicates 3-5% of first pregnancies and globally is a major cause of maternal and infant morbidity and mortality (1) . The etiology is unknown, but abnormal placentation and maternal endothelial dysfunction precede the clinical characteristics of hypertension and proteinuria (1, 2) .
In normal pregnancies, maternal serum levels of insulin-like growth factor-I (IGF-I) increase from about the 20th week of pregnancy (3) . The increase is probably induced by placental production of a specific growth hormone (GH) variant (placental GH), where the effects of placental GH on fetal growth are likely to be mediated via circulating maternal IGF-I (3) .
The biological activity of IGF-I is influenced by IGFbinding proteins (IGFBPs) to which the majority of IGF-I is bound, leaving only a fraction in its free, biologically active form. In the non-pregnant state, IGFBP-1 is produced in the liver and is strongly regulated by insulin. In pregnancy, IGFBP-1 is also produced in the placenta, resulting in higher maternal concentrations of this protein.
It is not known whether maternal IGFs in early pregnancy are associated with subsequent development of preeclampsia. However, the IGF system is thought to play a role in abnormal placentation, where high decidual production of IGFBP-1 may block IGF-I activity and reduce trophoblast invasion (4) . It has therefore been suggested that women who later develop preeclampsia may have a lower concentration of IGF-I and a higher concentration of IGFBP-1 in early pregnancy compared with other pregnant women (4). However, the results of previous studies are not consistent with this hypothesis. Whereas some studies show higher concentrations of IGF-I and lower concentrations of IGFBP-1 in women, who later developed preeclampsia (5) (6) (7) (8) , other studies have shown the opposite (4). Furthermore, it is not known whether changes in IGF-I concentration from first to second trimester are related to later development of preeclampsia.
In this nested case-control study within a large population of pregnant women, we therefore assessed whether maternal IGF-I and IGFBP-1 levels, as single measurements in the first and second trimesters, and changes between trimesters, predict subsequent development of preterm or term preeclampsia.
Materials and methods
Between June 1992 and May 1994, 35 940 women in Norway participated in a prospective study of Toxoplasma gondii infection in pregnancy. All pregnant women who attended antenatal care in 11 out of 19 counties were included in the study (9) . Subsequent to the original study, we attempted to contact all participating women by mail to obtain their consent to use the data and blood samples for additional scientific purposes, and 29 948 women consented.
We obtained information on pregnancy outcomes from the Medical Birth Registry of Norway (www.uib.no/mfr), which has recorded information on all births in the country since 1967. Information on each pregnancy was obtained by compulsory notification on standardized forms by delivering midwives, including information on maternal and fetal health. The diagnosis of preeclampsia in the Medical Birth Registry was based on the development of hypertension and proteinuria after 20 weeks of pregnancy, including blood pressure above 140/90 mmHg and proteinuria (protein dip stick R1C, or R0.3 g/24 h). The mean age at childbearing was 29 years (S.D. 5.3 years), 41% were nulliparous, 36% primiparous, and 23% of the women had two or more previous births.
From the cohort of 29 948 women, 107 women, who later developed preeclampsia, had blood drawn during the first trimester and had a premature delivery (gestational week !37 of pregnancy). These cases were classified as having 'preterm preeclampsia'. Among women who had blood drawn during the second trimester, 108 were classified as preterm preeclampsia. Among cases with preterm preeclampsia, 42 women had blood drawn from both trimesters, allowing analyses of changes from the first to the second trimester.
In the cohort as a whole, another 766 women were diagnosed with preeclampsia, but delivered at term. Among these cases, we selected 143 with term preeclampsia who had blood drawn during the first trimester, and 128 who had blood drawn in the second trimester. Of these cases, 47 women had blood drawn from both trimesters.
Among women in the cohort who did not develop preeclampsia, we used 274 who had blood drawn from the first trimester as controls, and 286 who had drawn blood from the second trimester. Among these controls, 95 women had blood drawn in both the trimesters.
The study was approved by the Norwegian Directorate for Health and Social Affairs, the Norwegian Data Inspectorate, and the Regional Committee for Medical Research Ethics.
Serum analyses of IGF-I and IGFBP-1
In the first trimester, serum was collected at approximately the 9th week of gestation (median 9, ranges 4-12 weeks), and in the second trimester, serum was collected around the 22nd week (median, 22; ranges 19-27 weeks).
The sera were treated according to uniform standards and stored in one place at K20 8C until analysis. The concentrations of IGF-I and IGFBP-1 were determined by ELISA (DSL-10-2800 Non-Extraction IGF-I ELISA; DSL-10-7800 TOTAL IGFBP-1, ELISA, both from Diagnostics Systems Laboratories Inc., Webster, TX, USA) according to the manufacturer's instructions. The non-extraction IGF-I ELISA has been shown to yield results equal to those of the extraction assay (10) . The IGF-I ELISA has a minimum detection limit of 2.06 ng/ml (which is the sensitivity according to the DSL kit insert for the non-extraction assay), and the IGFBP-1 ELISA has a minimum detection limit of 0.25 ng/ml. The intra-assay coefficient of variation (CV) for IGF-I was 6.3-8.6% and the inter-assay CV was 3.3-6.8%. For IGFBP-1, the corresponding CVs were 1.7-4.6 and 6.2-7.6%, as reported by the manufacturer. Samples with concentrations below the detection limits of the respective hormone assays were assigned the minimal detection value. The technicians performing the hormone analyses were blinded to the clinical outcome.
Statistical analysis
We assessed the association between circulating IGFs and the subsequent risk of preeclampsia, both as single measurements within trimesters and as changes in IGFs from the first to the second trimester. Based on the distribution among controls, we divided concentrations of IGF-I and IGFBP-1, both within and between trimesters, into quartiles, and used odds ratio (OR) to assess the association between quartiles of IGF-I and IGFBP-1 and risk of preterm or term preeclampsia.
We used multiple logistic regression to adjust for potential confounding by maternal age and parity, and time interval (in weeks) between serum collections. All statistical analyses were performed using the Statistical Package for the Social Sciences (version 13.0; SPSS Inc., Chicago, IL, USA).
Results

IGF-I and subsequent preeclampsia
There was no clear association between the serum IGF-I levels within each trimester and the subsequent risk of preterm or term preeclampsia (Table 1) . However, the increase in IGF-I concentration between trimesters was associated with a higher risk of preeclampsia. Comparing women in the highest quartile of increase in IGF-I with women in the lowest quartile of increase, the OR was 2.9 (95% confidence interval, 0.9-9.2) for term preeclampsia, and 4.9 (95% confidence interval, 1.1-21.8) for preterm preeclampsia.
IGFBP-1 and subsequent preeclampsia
Low level of IGFBP-1, both in the first and the second trimesters, was associated with higher risk of term, but not preterm preeclampsia. By comparing the lowest and highest quartiles of IGFBP-1 in the first trimester (Table 2) , the OR for preterm preeclampsia was 1.5 (95% confidence interval, 0.7-3.3) compared with 4.0 (95% confidence interval, 1.9-8.4) for term preeclampsia. In the second trimester, the results were similar; the OR for preterm preeclampsia was 1.7 (95% confidence interval, 0.9-3.1) and for term preeclampsia, the OR was 2.3 (95% confidence interval, 1.2-4.4) for women in the lowest, compared with the highest quartile of IGFBP-1.
The change in concentration of IGFBP-1 from the first to the second trimester was not consistently associated with the subsequent development of preeclampsia.
Discussion
In this large nested case-control study, we found that a relatively high increase in the concentration of IGF-I in maternal serum from the first to the second trimester was associated with a highly increased risk of developing preterm preeclampsia. Simultaneously, a relatively low level of IGFBP-1 in both the trimesters was associated with an increased risk of term, but not preterm preeclampsia.
IGFBP-1 is synthesized by the decidual stroma, and IGFBP-1 is thought to inhibit local IGF activity and reduce trophoblast invasion early in pregnancy (4, 7). Therefore, it has been suggested that women, who later develop preeclampsia, have low levels of circulating IGF-I and high levels of IGFBP-1 (4, 7) . Results of studies that have tested this hypothesis, however, have not been consistent. In one study, IGFBP-1 concentration was relatively low in early pregnancy before the development of preeclampsia, leading the authors to conclude that IGFBP-1-induced inhibition of IGF activity is not likely to cause the impaired trophoblast invasion observed in preeclampsia (7) . In another study, both IGF-I and IGFBP-1 were relatively low early in pregnancy among women, who later developed preeclampsia (11), but others have found higher concentration of IGF-I and lower IGFBP-1 preceding preeclampsia (5) . These studies, however, only assessed the effect of single measurements, and were unable to study longitudinal changes in IGFs between trimesters, as in our study.
Our nested case-control study was derived from nearly 30 000 pregnant women (9) , and provided substantially more cases of preeclampsia than other studies. Maternal serum was stored at K20 8C for approximately 10 years before analyses. The storage time could affect serum concentrations of IGFs, but matching on storage time between cases and controls makes it unlikely that a possible deterioration differs systematically between the groups. The changes in IGFs could only be studied among women with serum collected in both the trimesters, and therefore, differences in collection patterns between cases and controls could have biased the results. However, only six cases of early onset preeclampsia delivered before 28 weeks of gestation, and they all provided blood prior to delivery. Therefore, it seems unlikely that bias in blood Table 1 The association (odds ratios, OR) between quartiles of concentrations of insulin-like growth factor-I (IGF-I) and subsequent preeclampsia (diagnosed preterm or at term). collection pattern could have substantially influenced the results. The influence of potentially confounding factors should also be considered. In the statistical analyses, we adjusted for differences in maternal age and parity, since these factors are related to preeclampsia risk. In the analyses of single measurements of IGF-I and IGFBP-1 within each trimester, we also adjusted for differences in the pregnancy week at blood sampling. In the analyses of changes between trimesters, adjustment was made for the differences in time between blood collections. The results remained essentially unchanged after these adjustments.
We found that a high increase in IGF-I from the first to the second trimester was related to a particularly high risk of preterm preeclampsia, and a moderate increase in term preeclampsia. A compromised placental function renders the fetus at risk, and it seems plausible that compensatory mechanisms are released to counteract possible adverse effects. Placental GH is exclusively expressed in the syncytiotrophoblast, and released to the maternal circulation with increasing concentrations from the 7th or 8th week of gestation (3, 12, 13) . Placental GH suppresses maternal pituitary GH production and regulates maternal levels of IGF-I in pregnancy. It has been shown that low levels of placental GH are associated with restricted fetal growth, most likely mediated by reduced levels of IGF-I (3, 14) . However, a recent study demonstrated elevated second trimester levels of placental GH in women, who later developed preeclampsia associated with intrauterine growth restriction (15) . In these pregnancies, the levels of placental GH are later likely to decrease due to the placental insufficiency that precedes preeclampsia, accompanied by detrimental effects on fetal growth. Unfortunately, placental GH has not been measured in our study.
The strong positive association that we found between the increase in IGF-I from the first to the second trimester and subsequent risk of preterm preeclampsia may be attributed to a compensatory mechanism released by a dysfunctional placenta, resulting in an increased IGF bioactivity via increased placental GH secretion from the syncytiotrophoblasts.
We also found that low levels of IGFBP-1, both in the first and in the second trimesters, were associated with an increased risk of preeclampsia; however, the association was substantially stronger for term than for preterm preeclampsia. Previous studies have suggested that term and preterm preeclampsia may represent different disease entities. Underlying placental disease, accompanied by a restricted growth of the fetus, appears to be a typical feature of preterm preeclampsia (16) , whereas preeclampsia diagnosed at term may also reflect metabolic aberrations in the mother, including characteristics that increase her later risk of diabetes and cardiovascular disease (17) .
In the non-pregnant state, relatively low levels of IGFBP-1 have been associated with a higher prevalence of metabolic syndrome/prediabetes (18) . Our finding that low levels of IGFBP-1 were associated with an increased risk of term, but not preterm preeclampsia, may therefore reflect that women with metabolic aberrations, including obesity, are at an increased risk of preeclampsia with onset at term. Possibly, this type of preeclampsia differs etiologically from the clinically severe form that is often diagnosed before term.
In conclusion, these data show that an increase in circulating IGF-I from the first to the second trimester strongly increases the risk of preterm preeclampsia, and Table 2 The association (odds ratios, OR) between quartiles of concentrations of insulin-like growth factor binding protein-1 (IGFBP-1) and subsequent preeclampsia (diagnosed preterm or at term). low levels of IGFBP-1, both in the first and in the second trimesters, are associated with an increased risk of term, but not preterm preeclampsia.
